Structure description
. It was not possible to determine the crystal structures for all of these compounds (e.g. Bukovec et al., 1980) . Double salts have often been studied for the properties that result from two different cations in combination (e.g. Meyn et al., 1993) . CsNd(SO 4 ) 2 Á4H 2 O was studied for its dehydration kinetics, resulting in the decomposition products of CsNd(SO 4 ) 2 ÁH 2 O and then CsNd(SO 4 ) 2 ; however, no crystal structure has been reported for the latter two compounds (Bukovec et al., 1980) . CsNd(SO 4 ) 2 is isostructural with three other compounds with reported crystal structures, namely CsPr(SO 4 ) 2 (Bukovec et al., 1978) , RbDy(SO 4 ) 2 (Sarukhanyan et al., 1984) and a bismuth-chromate analogue, RbBi(CrO 4 ) 2 (Riou et al., 1984) .
The crystal structure of CsNd(SO 4 ) 2 is an infinite, three dimensional framework. The structure may be considered as a layered structure, incorporating layers of edge-and corner-linked SO 4 and NdO 8 polyhedra in the ac plane, with fourteen-coordinate Cs + cations bridging the layers with seven Cs-O bonds to each layer ( 
data reports
Isostructural networks have been reported (three with crystal structures) as discussed above.
The bond-valence sums for all cationic elements are slightly low, especially the metallic elements Cs and Nd. Bond-valence sums for Cs (0.851 to 0.892) and Nd (2.749 to 2.756) especially are poor, whether using the values of Brown & Altermatt (1985) or the revised values of Gagné & Hawthorne (2015) . It would be of interest to study the bond-valence behaviour of each element in more detail, in a fashion similar to the studies on Pb (Krivovichev & Brown, 2001 ), Tl (Locock & Burns, 2004) and Te (Mills & Christy, 2013) , among others. Specific studies on Cs and Nd should generate bond-valence sums closer to the expected values of 1 and 3 valence units.
Synthesis and crystallization
CsNd(SO 4 ) 2 was synthesized from a complex mixture of several inorganic compounds dissolved in diluted sulfuric acid (Sigma Aldrich, initial purity 99.999%, pH = À1 after dilution), including caesium nitrate (Sigma Aldrich, 99%) and neodymium(III) oxide (Sigma Aldrich, 99.9%). Initial hydrothermal synthesis at 200 C did not yield any crystals. Subsequently, the vessel was left at room temperature over a period of months. During this time, pale-purple plate-like crystals were observed growing on the bottom of the Teflon vessel. Single crystal X-ray diffraction showed these to be crystals of the title compound.
Refinement
Considering the relatively simple nature of the crystal structure of CsNd(SO 4 ) 2 , the structure determination was complicated due to complex twinning observed in some crystals. This twinning was observed on crystals run on the micro-focus MX1 and MX2 macromolecular beamlines of the Australian Synchrotron. The extraneous diffraction spots led to the pseudo-hexagonal unit cell a = 10.902 (2), b = 13.934 (3), c = 10.957 (2) Å , = = 90 , = 119.73 (3) and V = 1445.4 (5) Å 3 . This cell was shown to be a transposition of the Pnna cell due to twinning of CsNd(SO 4 ) 2 crystals by using the JANA2006 crystallographic program (Petříček et al., 2014) . Firstly, the program searched for higher symmetry supercells, which may induce reticular twinning, but no such cells were found. An averaging procedure was then performed, which takes into account twinning by sygonic and also metric merohedry. This procedure showed that R int values were significantly lower for the orthorhombic mmm Laue symmetry group (0.07) rather than any hexagonal Laue group (0.4). Finally, the space-group test, which took twinning matrices into account, showed that the space group Pnna had the best figure of merit, consistent with the space group determined from a non-twinned crystal fragment (see below). Using JANA2006, the crystal was found to be comprised of three twin components. A CIF of the structure model refined from the twinned crystal using synchrotron diffraction data on the MX1 beamline (Cowieson et al., 2015) (9) S1-O4 1.487 (9) Cs1-O1 3.570 (9) S1-O2 1.491 (7) Nd1-O1 . Practically, the second twin component has a negligible effect on the twinning, and the crystal is best considered to be a two-component twin with the two components in a 27:73 ratio.
Whilst it was possible to solve the structure after the treatment of twinning, the final values of R 1 and wR 2 at convergence were higher than those obtained from a nontwinned fragment. The crystal structure reported here was solved on a Rigaku XtaLAB mini II diffractometer at the International Union of Crystallography Congress 2017, Hyderabad, India, using a single, non-twinned crystal fragment. This crystal was obtained by crushing a large, highly twinned, pale-purple crystalline mass in oil, and mounting a smaller, single fragment (dimensions 0.024 Â0.024 Â0.053 mm) that floated away after crushing.
Structure solution was carried out by direct methods using SHELXT (Sheldrick, 2015a ) and structure refinement by fullmatrix least-squares was implemented by SHELXL (Sheldrick, 2015b) in the OLEX2 environment (Dolomanov et al., 2009) . Full collection and refinement details are shown in Table 2 . The residual Fourier peaks are relatively large (3.61 e Å À3 maximum, À3.20 e Å À3 minimum), but not unreasonably so for small inorganic crystals with heavy scattering elements. A bond-valence summary is shown in Table 2 , using the parameters of Gagné & Hawthorne (2015) for S-O, Cs-O and Nd-O bonds.
Full crystal data, data collection and structure refinement details are summarized in Table 3 . Table 3 Experimental details. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

